A total of 3,390 pigs (PIC 337 × 1050; initially 63.2 lb), housed in three replicate barns, were used in this study to determine the influence of increasing organic or inorganic Zn sources on growth performance and carcass characteristics of finishing pigs. A total of 126 pens of pigs were allotted to 1 of 7 dietary treatments, with 24 to 27 pigs per pen and 14 to 17 replications per treatment. All diets contained a trace mineral premix that provided 55 ppm of Zn from ZnSO 4 . The seven experimental treatments were a control diet with no additional zinc included in the diet; the control diet with an additional 25, 50, or 75 ppm of Zn from a zinc AA complex (ZnAA; Availa®-Zn; Zinpro Corporation, Eden Prairie, MN); or the control diet with an additional 25, 50, or 75 ppm of zinc from ZnO. Diets were fed in meal form, for five dietary phases, and formulated to maintain a constant standardized ileal digestible Lys:NE ratio within phase.
Summary A total of 3,390 pigs (PIC 337 × 1050; initially 63.2 lb), housed in three replicate barns, were used in this study to determine the influence of increasing organic or inorganic Zn sources on growth performance and carcass characteristics of finishing pigs. A total of 126 pens of pigs were allotted to 1 of 7 dietary treatments, with 24 to 27 pigs per pen and 14 to 17 replications per treatment. All diets contained a trace mineral premix that provided 55 ppm of Zn from ZnSO 4 . The seven experimental treatments were a control diet with no additional zinc included in the diet; the control diet with an additional 25, 50, or 75 ppm of Zn from a zinc AA complex (ZnAA; Availa®-Zn; Zinpro Corporation, Eden Prairie, MN); or the control diet with an additional 25, 50, or 75 ppm of zinc from ZnO. Diets were fed in meal form, for five dietary phases, and formulated to maintain a constant standardized ileal digestible Lys:NE ratio within phase.
Overall, a Zn × level interaction (quadratic; P < 0.05) was observed for ADG as pigs fed increasing ZnO had similar ADG, while pigs fed added levels of 25 and 50 ppm ZnAA had decreased performance compared to those fed the highest level of ZnAA. A Zn source × level interaction (quadratic; P < 0.05) was also observed for overall F/G. This was due to pigs fed diets with 25 or 50 ppm Zn from ZnAA having poorer F/G compared to pigs fed similar levels of ZnO. The interaction in ADG also led to a tendency (quadratic; P < 0.10) for a Zn source × level interaction for final BW. No differences were observed for ADFI. For carcass characteristics, a Zn source × level interaction (P < 0.05) was observed for HCW, as pigs fed diets with 25 or 50 ppm Zn from ZnAA had decreased HCW compared with those fed 75 ppm Zn from ZnAA, while increasing ZnO did not influence HCW. Loin depth and percentage lean tended to increase and then decrease (quadratic; P < 0.10) as added ZnAA increased; however, a similar response was not observed for increasing added ZnO. These data suggest that in fin-
Introduction
The NRC (2012) 4 estimates the dietary Zn requirement for a growing pig weighing from 50 to 270 lb ranges from 50 to 60 ppm. Historically, the trace mineral premix is considered to be the sole source of supplemental Zn for meeting and/or exceeding the NRC requirement estimate, of growing and finishing pigs. Recently, research has reported growth performance benefits from greater concentrations of supplemental Zn when included in diets containing ractopamine (Fry et al., 2013 5 ; Rambo, 2013 6 Previous studies with Zn additions to grow-finish diets were performed in university research settings. However, under a commercial environment, pigs have lower feed intakes and growth rates, due to higher stocking density and other detrimental environmental factors. Therefore, the objective of this study was to determine the influence of increasing Zn, from either an organic or inorganic source, on growth performance and carcass characteristics of grow-finish pigs housed in a commercial facility.
Procedures
The Kansas State University Institutional Animal Care and Use Committee approved the protocol used in this experiment. The study was conducted in three barns at a commercial research-finishing facility in southwest Minnesota. The three barns were similar in design with completely slatted concrete floors, natural ventilation, and double-curtain sides. Each pen was equipped with a 4-hole stainless steel feeder and bowl waterer for ad libitum access to feed and water. Feed additions to each individual pen were made and recorded by a robotic feeding system (FeedPro; Feedlogic Corp., Wilmar, MN).
Animals and Diets
A total of 3,390 mixed sex pigs (PIC 337 × 1050; initially 63.2 lb) were used in this study, and housed in three replicate barns. Barn 1 utilized 1,122 pigs for 112 d; barn 2 used 1,159 pigs for 114 d; while barn 3 included 1,109 pigs fed for 120 d. On d 0 within each barn, pens of pigs (24 to 27 pigs per pen) were ranked by average pig weight and randomly assigned within weight blocks to 1 of 7 dietary treatments, resulting in six replicates per barn in a randomized complete block design. All diets contained a trace mineral premix that provided 55 ppm of Zn from ZnSO 4 . The treatments were arranged as a 2 × 3 + 1 factorial with two Zn sources and three levels of Zn added at the expense of corn. The seven experimental treatments were a control diet with no additional Zn included in the diet; the control diet with an additional 25, 50, or 75 ppm of Zn from ZnAA (Availa®-Zn; Zinpro Corporation; Eden Prairie, MN); or the control diet with an additional 25, 50, or 75 ppm of Zn from ZnO. Diets were fed in meal form for five dietary phases (60 to 100, 100 to 135, 135 to 170, 170 to 230, and 230 to 280 lb; Table 1 ). Ractopamine HCl (Paylean; Elanco Animal Health, Greenfield, IN) was included at 5 ppm in all diets, in the final phase. Diets were formulated to maintain a constant standardized ileal digestible Lys:NE ratio within phase, based on previous research conducted in the same research facility.
Due to a malfunction of the robotic feeding system that resulted in interrupted feed delivery, six pens from replicate barn 1 and eight pens from barn 2 were removed from the study. Additionally, two pens were removed from the dataset in barn 3 due to a broken gate, which allowed pigs from two pens to comingle. For pens removed from the data set, data for all phases were eliminated. This resulted in 14 replicates for pigs fed the control diet; 17 replicates per treatment for pigs fed either 25, 50, or 75 ppm Zn from ZnAA; and 17, 14, and 14 replicates for pens of pigs fed either 25, 50, or 75 ppm Zn from ZnO, respectively.
Sample Collection
Samples from each diet and group were collected for each phase. Samples were then combined for a composite and analyzed for DM, CP, crude fiber, ether extract, ash, ADF, NDF, and Zn (Ward Laboratories, Inc., Kearney, NE; Tables 2, 3, and 4 ). An additional Zn analysis was also conducted at Cumberland Valley Analytical Services (Hagerstown, MD). Results of Zn analyses from both labs were combined, and the mean analytical values are reported.
Pens of pigs were weighed, and feeder measurements recorded approximately every 2 to 3 wk to calculate ADG, ADFI, and F/G. On d 99, 97, and 103, the 4, 3, or 4 heaviest pigs in barns 1, 2 and 3, respectively, were marketed according to standard farm procedures. Prior to marketing, pigs were individually tattooed with a pen ID number to allow for recording of carcass measurements on a pen basis. On d 112, 114, and 120 for barns 1, 2, and 3, respectively, final pen weights were taken, and pigs were transported approximately 58 miles to a commercial packing plant (JBS Swift and Company, Worthington, MN) for processing and carcass data collection. Carcass measurements taken at the plant included HCW, 10 th rib loin depth, backfat, and percentage lean. Percentage carcass yield was also calculated by dividing individual HCW at the plant, by average final live weight of pen at the farm. Fat depth and loin depth were measured with an optical probe inserted between the third and fourth last rib (counting from the ham end of the carcass), at a distance approximately 2.75 in from the dorsal midline.
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Statistical Analysis
The experimental data were analyzed as a randomized incomplete block design using the GLIMMIX procedure of SAS (SAS Institute, Cary, NC) with pen as the experimental unit. Data from barns 1, 2, and 3 were analyzed as a combined data set, and the statistical model included the fixed effect of dietary treatment, and the random effects of barn and block within barn. Studentized residuals were evaluated, and no evidence of departure from normality was observed. Also, data were evaluated for heterogeneity of variance, and no evidence for heterogeneity of variation was found across replicate barn, blocks, or treatments. Orthogonal contrasts were constructed to test the linear and quadratic effects of Zn, Zn source, and Zn source × dose interactions. Backfat, loin depth, and lean percentage were adjusted to a common carcass weight for analysis. Significant differences were recognized at P < 0.05 while a tendency was recorded between P > 0.05 and P ≤ 0.10.
Results and Discussion
A calculated concentration for Zn in diets was determined by using book values provided by NRC (2012) 4 for ingredients used in this study. The control diets for phase 1, 2, 3, 4, and 5 were calculated to contain 85, 84, 82, 81, and 81 ppm, respectively. Analyzed Zn concentrations for the control diets were slightly greater than the estimated concentrations. Although some variation in analyzed levels of Zn existed, analyzed Zn content still increased with increasing Zn treatments.
For the grower period (phases 1 to 3), there were no Zn source × level interactions. A Zn source effect was observed as pigs fed added ZnO had better F/G (P = 0.046), compared to pigs fed ZnAA (Table 5) . A Zn level effect was also observed (quadratic; P = 0.020) as pigs fed 25 and 50 ppm added Zn had poorer F/G than pigs fed 75 ppm added Zn. This was driven by a F/G response (quadratic; P = 0.006) that was observed for pigs fed supplemental ZnAA, with pigs being fed 25 and 50 ppm Zn from ZnAA having poorer F/G, compared with pigs fed a diet containing 75 ppm Zn from ZnAA. No treatment differences were observed for ADG, ADFI, or BW during the grower period.
Within the finishing period (phases 4 to 5), a Zn source × level interaction was observed (quadratic; P < 0.05) for ADG, as pigs fed increasing ZnO had similar performance; however, pigs fed 25 and 50 ppm Zn from ZnAA had poorer ADG than pigs fed 75 ppm Zn from ZnAA, which had ADG similar to pigs fed the control diet. A tendency (quadratic; P < 0.10) for a Zn source × level interaction was also observed for final BW, as pigs fed increasing ZnO had similar BW; however, pigs fed 25 or 50 ppm Zn from ZnAA weighed less than pigs fed 75 ppm Zn from ZnAA. A tendency for a Zn source × level interaction (quadratic; P < 0.10) was also observed for F/G, as pigs fed increasing levels of ZnAA were observed to have poorer F/G at lower inclusion levels of Zn, in comparison to pigs fed increasing ZnO. A Zn level effect was observed (P = 0.017) for ADFI, as pigs fed diets with 25 or 50 ppm added Zn had decreased feed intake, compared to pigs fed diets with 75 ppm added Zn. An ADFI effect was also observed (quadratic; P = 0.014) for pigs fed ZnAA. Similar to the Zn level effect, a reduction in ADFI was observed for pigs fed diets with 25 and 50 ppm Zn from ZnAA.
Overall, Zn source × level interactions (quadratic; P < 0.05) were observed for ADG and F/G. The ADG response was due to pigs fed increasing ZnO having consistent ADG across treatments, while pigs fed 25 or 50 ppm of added Zn from ZnAA had reduced ADG compared to pigs fed 75 ppm Zn from ZnAA. The interaction for F/G was due to pigs fed 25 or 50 ppm Zn from ZnAA having poorer F/G than those fed 75 ppm Zn from ZnAA, while pigs fed supplemental ZnO had similar feed efficiency as Zn concentration increased. No differences were observed for overall ADFI.
Similar to overall ADG and final BW, a Zn source × level interaction (quadratic; P < 0.05) was observed for HCW. The response was observed because there were no differences in HCW among ZnO treatments; however, pigs fed 25 or 50 ppm Zn from ZnAA had lower HCW than pigs fed the diet with 75 ppm Zn from ZnAA. Tendencies (quadratic; P < 0.10) for increases in loin depth and percentage lean were also observed for pigs fed increasing ZnAA, with values peaking at 25 and 50 ppm supplemental Zn from ZnAA, respectively. No differences (P > 0.10) were observed for carcass yield and backfat.
In conclusion, these data suggest that increasing Zn beyond the level recommended by NRC (2012) 4 did not improve growth performance or carcass composition. Unexpectedly, our study indicates that adding lower concentrations of an organic Zn source could worsen performance compared to a higher level of organic Zn, or similar levels of inorganic Zn. This response does not agree with previously published research, and it is unclear why such a response was observed. More research should be conducted to better understand how low levels of added organic Zn impact performance of pigs housed in a commercial environment. Zinc source × zinc level interaction (quadratic; P < 0.10). 5 Includes phases 1 to 3. 6 Includes phases 4 and 5. 7 Zinc source × zinc level interaction (quadratic; P < 0.05). 8 Adjusted to a common HCW for analysis.
